The loss of organic substances from cotton (Gossypium hirsutum L.) MATERIALS AND METHODS The seeds of Gossypium hirsutum L. used were from a selfpollinated M-8 genetic selection, a colchicine-doubled haploid from a Deltapine cultivar. Seed coats were removed to reduce germination variability due to differential permeability of seed coats to water.
Adverse environmental conditions are known to greatly increase loss of organic materials from roots. Drought (11) , oxygen deficiency (8) , temperature extremes (6) , and low light intensity (18) are reported to increase the amount and variety of solutes lost from roots. Most materials found in root cells are subject to such loss. Usually the simple sugars, organic acids, and alkaloids predominate, but minor cellular constituents such as inorganic ions and vitamins are also found (19) .
Considerable information relates the loss of organic substances from plant roots with increased population of soil microorganisms in the root zone (19) . The relationship has been further extended to show correlations between levels of solute loss and disease incidence.
It is, therefore, amply documented that (a) roots lose substances and environmental adversities considerably enhance the process and (b) the substances lost from roots may increase disease incidence by creating a rhizosphere that is favorable for microorganisms. However, little is known of the mechanism that controls the process (19) . The MATERIALS AND METHODS The seeds of Gossypium hirsutum L. used were from a selfpollinated M-8 genetic selection, a colchicine-doubled haploid from a Deltapine cultivar. Seed coats were removed to reduce germination variability due to differential permeability of seed coats to water.
Seeds were germinated in gerniination paper rolls wet with distilled water. After sufficient germination time at 31 C to produce 2 cm long radicles (usually 24-26 hr), uniform seedlings were selected from the paper rolls, surface-sterilized with 0.1 % hypochlorite solution, rinsed in sterile water, and placed in stainless steel racks in Petri dishes with 1 cm of the seedling axis immersed in sterile solution. Each rack contained 20 seedlings; five racks were used for each treatment (five replications). The treatments were conducted in darkness. After completion of the assigned treatment (see below), the liquid in each dish was filtered, and the water was removed by freeze-drying. Preliminary assays and thin layer chromatographic studies showed that much of the dried residue consisted of carbohydrates and amino acids; these materials were, therefore, assayed and used as a measure of solute loss. The dried residue was redissolved in a small volume of 60 % methanol, and the solution was filtered and assayed for carbohydrates by the anthrone method (20) . Ninhydrin-positive substances were determined by the method of Moore and Stein (14) .
The treatments applied to seedlings follow. RESULTS AND DISCUSSION Effect of Chilling, pH, and Anaerobic Conditions on Solute Loss. Low temperature induced large increases of solute loss from radicles ( Fig. 1) . The quantity of sugars and amino acids lost from roots held at 5 C increased with duration of chilling time. Thin layer chromatographs of the carbohydrates in the solution indicated that glucose, fructose, and sucrose were lost from roots at 5 C, whereas roots at 31 C lost only sucrose. Similar but more complex patterns were found on chromatograms When cotyledons were removed prior to placing seedlings at 5 C, a substantial reduction in solute loss occurred ( Table I) , suggesting that the cotyledon-based pool of food reserves is necessary for the continued loss of carbohydrates and amino acids at low temperature. Our results yield no information on whether this movement occurs in phloem tissue or by othermeans. Although movement of substances in the phloem is generally thought to be retarded by low temperature, Bowling (2) recently reported that sugar movement occurs in sunflower hypocotyl at temperatures as low as 0 C. of amino acids. The quantity of solutes lost by the radicles decreased rapidly in a linear fashion with increasing temperature (Fig. 2) .
When St cm of the seedling radicle tips was removed, loss to the solution was high during the 1st day but diminished thereafter (Fig. 3) , a quite different pattern from that found with intact seedlings (Fig. 1) . In related experiments (patterned after methods of Pearson and Parkinson (16)), seedlings were placed in marked positions on moist filter paper in Petri dishes, subjected to 24 hr of chilling, and then removed from the paper. The paper was dried and sprayed with ninhydrin reagent. The site of exudation of amino acids onto the paper was restricted to the area surrounding the root tip, the region of the root removed in the preceding experiment. Thus, it would appear that the site of major loss of solutes is in the tip ½t cm of the root, coinciding with the generally accepted region of major ion uptake. Apparently, the high level of diffusate measured from cut roots on the 1st day arises from the freshly cut root surface which subsequently reseals itself, thereby reducing solute loss. 1 Solute loss in 4 hr for all but treatment E. 2 All of calcium and magnesium sulfate solutions at 10-5 M concentration. 3 Solute loss in 2 hr.
Several investigators of effects of chilling on plants propose that cold irreversibly damages membranes (1, 15, 17) . In our experiments, concerned with the after effects of chilling on solute loss, it was surprising to find that when chilled seedlings were placed at 31 C, their loss rapidly returned to levels comparable to those of unchilled seedlings (Fig. 4) . The rate of solute loss during the recovery period was directly related to the length of cold period; however, solute loss by radicles chilled for as long as 4 days approached normal levels within 4 hr at 31 C.
Solute loss was stimulated by low pH and by anaerobiosis. The lowest solute loss occurred at pH 7, although little difference was noted in the range of 4 to 9 (Table H) . In a nitrogen atmosphere at 31 C, seedlings lost 89 ,ug of carbohydrates per seedling in 4 hr as compared to 18 jAg for control seedlings (Table III, A and H).
Reversal of Solute Loss with Divalent Cations. The parallelisms between factors known to influence ion uptake processes and factors that cause solute loss suggested to us that divalent cations should prevent or alter loss. Calcium as CaSO4 and magnesium as MgSO4 were equally effective in protecting against loss induced by chilling or anaerobic conditions (Table III, (9, 10) , a loss of organic acids induced by chilling or anaerobiosis might well have a serious impact on cation uptake. Hiatt (9) , and Hiatt and Lowe (10) , have shown that cellular organic acids are lost to the medium as a result of anaerobiosis. Our data tend to confirm this and show that low temperature will also induce a similar leakage from root tip cells.
Perhaps one of the important consequences of these observations is that chilling temperatures and certain environmental factors may affect cell metabolism through their effects on membrane integrity. Chilling not only increases permeability of the root tip cell membranes involved in ion uptake, but may increase permeability of other cell membranes. If this is the case, intracellular spatial relations or barriers could be disrupted, resulting in a disorganization of metabolism.
We have observed and reported earlier that chilling during germination has a long term adverse effect on the subsequent performance of surviving plants (3, 4) . The growth inhibition induced by chilling is in direct relation to the duration of chilling.
This information and the present results suggest the possibility that loss of essential materials from the seedling during chilling may, at least in part, account for the subsequent poorer performance of surviving seedlings.
